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Abstract

Volatile nitrosamines (VNAs) are established teratogens and carcinogens in animals and classified 

as probable (group 2A) and possible (group 2B) carcinogens in humans by the IARC. High levels 

of VNAs have been detected in tobacco products and in both mainstream and sidestream smoke. 

VNA exposure may lead to lipid peroxidation and oxidative stress (e.g. inflammation), chronic 

diseases (e.g. diabetes), and neurodegenerative diseases (e.g. Alzheimer’s disease). To conduct 

epidemiological studies on the effects of volatile nitrosamine exposure, short-term and long-term 

stabilities of VNAs in urine matrix are needed. In this report, the stability of six VNAs (N-

nitrosodimethylamine, N-nitrosomethylethylamine, N-nitrosodiethylamine, N-nitrosopiperidine, 

N-nitrosopyrrolidine, and N-nitrosomorpholine) in human urine is analyzed for the first time using 

in vitro blank urine pools spiked with a standard mixture of all six VNAs. Over a 24 day period, 

analytes were monitored in samples stored at approximately 20°C (collection temperature), 4–

10°C (transit temperature), and −20°C and −70°C (long-term storage temperatures). All six 

analytes were stable for 24 days at all temperatures (n = 15). The analytes were then analyzed over 

a longer time period at −70°C; all analytes were stable for up to one year (n = 62). A subset of 44 

samples was prepared as a single batch and stored at −20°C, the temperature at which prepared 

samples are stored. These prepared samples were run in duplicate weekly over 10 weeks, and all 

six analytes were stable over the entire period (n = 22).
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Introduction

The potential for volatile nitrosamine exposure in the general population is a growing 

concern. Volatile nitrosamine (VNA) formation can occur from a wide variety of everyday 

sources, including cured meats, cosmetics, contaminated drinking water, and tobacco 

products, both in the products themselves as well as in mainstream and sidestream smoke 
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[1–12]. VNAs are also formed endogenously in the acidic conditions of the stomach through 

the nitrosation of secondary and tertiary amines via nitrite interaction [2, 3, 13–18]. VNAs 

are classified as group 2A and 2B carcinogens by the International Agency for Research on 

Cancer (IARC) and have been linked to tumorigenesis in the liver, lungs, kidney, bladder, 

pancreas, and esophagus [1–3, 13–15, 18–20]. VNAs have also been associated with lipid 

peroxidation, oxidative stress, chronic diseases such as diabetes, and neurodegenerative 

diseases like Alzheimer’s disease [21–28]. Exposure to VNAs can be assessed by measuring 

VNAs in urine. The six VNAs monitored in this study are N-nitrosodimethylamine 

(NDMA), N-nitrosomethylethylamine (NMEA), N-nitrosodiethylamine (NDEA), N-

nitrosopiperidine (NPIP), N-nitrosopyrrolidine (NPYR), and N-nitrosomorpholine (NMOR) 

(Figure 1).

In order to ensure the validity of analytical results in large studies such as the National 

Health and Nutrition Examination Survey (NHANES), the stability of the analytes being 

monitored must be documented. Here we monitored both the short-term (24 days) and long-

term (one year) stability of all six VNAs in spiked human urine. The short-term stability 

study covered a range of temperatures at which the samples are stored during collection and 

transport: samples are typically collected at room temperature (approximately 20°C), 

transported in chilled shippers which can range from 4°C to 10°C, and, once delivered to the 

destination laboratory, placed in short-term (−20°C) or long-term (−70°C) storage. This 

whole process can take anywhere from one to three weeks, depending on the originating 

location of the sample. Long-term stability samples were stored only at −70°C. The stability 

of prepared samples was also monitored in this study; this is imperative to ensure the 

validity of samples yet to be analyzed due to instrument downtime or re-injected samples in 

case of instrument failure or interruption. These prepared samples were stored at −20°C, the 

temperature at which samples yet to be analyzed or re-injected are stored. The resulting data 

will be used to design and validate procedures for collecting, transporting, and storing urine 

specimens for subsequent VNA analysis as part of large population studies.

Methods and Materials

Materials

Native standard stock purchased from Supelco (Sigma-Aldrich, St. Louis, MO) was a 2 

mg/mL mixture of all 6 native analytes in dichloromethane (DCM). Deuterium-labeled 

internal standards NDMA-d6, NDEA-d10, NPYR-d8, and NMOR-d8 were purchased 

individually in DCM from Cambridge Isotope Laboratories (Tewksbury, MA); NMEA-d3 

and NPIP-d10 were purchased individually as oils from Toronto Research Chemicals 

(Toronto, Canada). Methanol (MeOH), dichloromethane (DCM), and acetonitrile (ACN) 

were HPLC grade, purchased from Honeywell Burdick & Jackson (Muskegon, MI). Sample 

plates were Axygen 48-well plates with a 5 mL well capacity. GC vials were Wheaton 11 

mm amber crimp vials with a 300 μL insert; crimp caps were SUN-SRi 11 mm aluminum 

crimp caps with rubber septum. All GC-QQQ parts were purchased from Agilent 

Technologies (Santa Clara, CA).
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QC Pools

Two fresh urine QC pools were created from anonymously collected urines by spiking with 

the six VNAs: QC low at 50 pg/mL (500 μL of a 100 pg/μL methanol stock in 1000 mL 

urine) and QC high at 200 pg/mL (2000 μL of a 100 pg/μL methanol stock in 1000 mL 

urine). The pools were aliquoted in 2.2 mL aliquots into 2.5 mL Nalgene cryovials and 

stored at the following temperatures: 20 samples each at −20°C, 4°C, 10°C, and room 

temperature (approximately 20°C), and the remaining samples (approximately 370) at 

−70°C. Blank urine pools were tested prior to spiking to ensure no contributing interferences 

were detected during GC-QQQ analysis.

Automated Sample Preparation

The automated sample preparation method used for this study was developed and validated 

by this group [29]. Urine samples were transferred from cryovials in 2 mL aliquots into a 

48-well plate and spiked with 500 pg of internal standard using a Hamilton Star liquid 

handling system. A liquid-liquid extraction was performed using the Caliper Staccato 

workstation, after which samples were concentrated via solvent evaporation, manually 

transferred to GC vials, and further concentrated using acetonitrile as a keeper solvent. 

Sample vials were sealed and transferred to the GC-QQQ for analysis.

GC/MS-MS (QQQ) Analysis

All analyses were performed on an Agilent 7890-7000C GC-MS/MS (QQQ). The 7890 GC 

was equipped with a multimode inlet (MMI) and a single taper helix liner. The injection 

volume was 5 μL. The initial inlet temperature was 5°C, which was held for 0.85 minutes 

after injection and then heated at 600°C/min to 300°C. A programmed temperature 

vaporation (PTV) solvent vent mode was used, venting at 200 mL/min flow rate and 5 psi 

pressure for 0.7 minutes after injection. A two-column setup connected by a backflush union 

was used for the GC, with helium as the carrier gas. The first column was an Agilent DB-

WAXetr (30 m × 0.25 mm × 0.5 μm) with a constant flow rate of 3 mL/min for the first 1.3 

minutes, followed by a 1.2 mL/min flow rate for the remainder of the run. The second 

column was deactivated fused silica (1 m × 0.15 μm) with a constant pressure of 1 psi. The 

GC oven was initially set to 35°C for 1 minute after injection then heated at 20°C/min to 

245°C. A backflush was performed for 5 minutes post-run, with a −1.9795 mL/min constant 

flow for the first column, a 25 psi constant pressure for the second column, and an oven 

temperature of 250°C. The transfer line temperature and MS source were both set to 250°C. 

The 7000C MS source mode was positive chemical ionization (CI) with ammonia (blue 

grade) as the CI gas; ultra-high purity nitrogen was used as the collision gas.

Results

Short Term Stability of Analytes in Human Urine at Various Temperatures

Samples stored at all 5 temperatures were prepared and run in 15 batches over a 24-day 

period. During this time, no statistically significant decrease in concentration was observed 

for any of the analytes in either QC pool at all storage temperatures (n = 15) (Figures 2a–c, 

Supplemental Figures 1a–c). The coefficients of variation (CVs) for all analytes in both 
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pools are below 10%, with CVs for all analytes in the 200 pg/mL QC pool below 5% 

(Supplemental Table 1).

Long Term Stability of Analytes in Sample at −70°C

Samples stored at −70°C were run in duplicate past the duration of the short term stability 

experiment up to 358 days, with 31 averaged data points total over this period. No 

statistically significant decrease in concentration was observed for any analyte (n = 62) 

(Figures 3a–c, Supplemental Figures 2a, 2c). The CVs for all analytes in both pools are 

below 20%, with CVs for all analytes in the 200 pg/mL QC pool below 12% (Supplemental 

Table 2). The increase in CV between the long term and short term stability samples can be 

attributed to variances in the composition of each analytical column used over the duration 

of the study. Particularly with NPIP and NPYR, variable levels of interference were 

observed in the respective chromatogram windows depending on the individual column, 

leading to fluctuations in the final calculated concentrations.

Stability of Analytes in Prepared Samples at −20°C

To monitor the stability of prepared samples, 22 QC samples at each concentration were 

prepared on day 1 and run in duplicate weekly for 10 weeks, yielding 11 averaged data 

points for each analyte per QC pool. No statistically significant decrease was observed in 

any analyte in either pool (n = 22) (Figures 4a–c, Supplemental Figures 3a–c). The CVs for 

all analytes in both pools are below 10%, with CVs for all analytes in the 200 pg/mL QC 

pool below 6% (Supplemental Table 3).

Discussion

Samples in large studies such as the National Health and Nutrition Examination Survey 

(NHANES) are collected over several months, shipped at varying temperatures, and stored 

for years before and after analysis. Therefore, the stability of the analytes being monitored 

must be maintained in order to validate any data generated. The short-term stability results 

show that measurement of VNAs (N-nitrosodimethylamine, N-nitrosomethylethylamine, N-

nitrosodiethylamine, N-nitrosopiperidine, N-nitrosopyrrolidine, and N-nitrosomorpholine) 

remain stable under various storage conditions, from sample collection in the field (20°C) to 

typical transit time and conditions (4–10°C) for up to 24 days. This time period allows for 

sample collection in remote locations to be shipped back to final laboratories for analyses. In 

addition, measurement of these six VNAs in human urine are valid at least up to 1 year if 

samples are frozen at −70°C or lower. In prepared urine samples, these six VNAs are stable 

for up to 10 weeks at −20°C. This relatively long storage time of prepared samples is useful 

in case of instrument downtime.

This study only concerned itself with the thermal stability of volatile nitrosamines. There are 

of course other factors influencing the overall stability of the analytes. However, volatile 

nitrosamines are rather stable compounds and difficult to degrade once formed. 

Denitrosation only occurs in >1M strong acid solutions, and nitrosamines are otherwise 

stable at neutral and basic pH [12]. The average pH of human urine is approximately 6.2, 

with a range of 4.5–8.0 depending on factors such as time of day collected (night vs day 
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urine), dietary factors, and bacterial presence [30–32]. Only the most extreme samples might 

reach conditions suitable for VNA denitrosation, and these samples would be rejected from 

the study on those grounds. Nitrosamines will degrade with prolonged exposure to 

ultraviolet light, but this factor should be limited or nonexistent during collection and 

transport [12].

The long-term stability of these six VNAs will be continued in our laboratory for several 

years to determine if measurements of VNAs in old residual samples will be valid.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

This study was funded by the U.S. Food and Drug Administration, Center for Tobacco Products.

References

1. Huang MC, Chen HC, Fu SC, Ding WH. Determination of volatile N-nitrosamines in meat products 
by microwave-assisted extraction coupled with dispersive micro solid-phase extraction and gas 
chromatography - Chemical ionisation mass spectrometry. Food Chemistry. 2013; 138(1):227–233. 
[PubMed: 23265481] 

2. Chowdhury S. N-Nitrosodimethylamine (NDMA) in Food and Beverages: A Comparison in Context 
to Drinking Water. Human and Ecological Risk Assessment. 2014; 20(5):1291–1312.

3. Lijinsky W. N-Nitroso compounds in the diet. Mutation Research-Genetic Toxicology and 
Environmental Mutagenesis. 1999; 443(1–2):129–138. [PubMed: 10415436] 

4. Seyler TH, Kim JG, Hodgson JA, Cowan EA, Blount BC, Wang L. Quantitation of Urinary Volatile 
Nitrosamines from Exposure to Tobacco Smoke. Journal of Analytical Toxicology. 2013; 37(4):
195–202. [PubMed: 23508653] 

5. Ozel MZ, Gogus F, Yagci S, Hamilton JF, Lewis AC. Determination of volatile nitrosamines in 
various meat products using comprehensive gas chromatography-nitrogen chemiluminescence 
detection. Food and Chemical Toxicology. 2010; 48(11):3268–3273. [PubMed: 20816717] 

6. Wang X, Gao Y, Xu X, Zhao J, Song G, Hu Y. Derivatization Method for Determination of 
Nitrosamines by GC-MS. Chromatographia. 2011; 73(3–4):321–327.

7. Brisson IJ, Levallois P, Treblay H, Serodes J, Deblois C, Charrois J, et al. Spatial and temporal 
occurrence of N-nitrosamines in seven drinking water supply systems. Environmental Monitoring 
and Assessment. 2013; 185(9):7693–7708. [PubMed: 23435811] 

8. Charrois JWA, Arend MW, Froese KL, Hrudey SE. Detecting N-nitrosamines in drinking water at 
nanogram per liter levels using ammonia positive chemical ionization. Environmental Science & 
Technology. 2004; 38(18):4835–4841. [PubMed: 15487793] 

9. Krauss M, Hollender J. Analysis of nitrosamines in wastewater: Exploring the trace level 
quantification capabilities of a hybrid linear ion trap/orbitrap mass spectrometer. Analytical 
Chemistry. 2008; 80(3):834–842. [PubMed: 18183964] 

10. Krauss M, Longree P, Dorusch F, Ort C, Hollender J. Occurrence and removal of N-nitrosamines in 
wastewater treatment plants. Water Research. 2009; 43(17):4381–4391. [PubMed: 19608213] 

11. McDonald JA, Harden NB, Nghiem LD, Khan SJ. Analysis of N-nitrosamines in water by isotope 
dilution gas chromatography-electron ionisation tandem mass spectrometry. Talanta. 2012; 
99:146–154. [PubMed: 22967534] 

12. Douglass ML, Kabacoff BL, Anderson GA, Cheng MC. The chemistry of nitrosamine formation, 
inhibition and destruction. Journal of the Society of Cosmetic Chemists. 1978; 29:581–606.

Hodgson et al. Page 5

J Anal Toxicol. Author manuscript; available in PMC 2017 September 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



13. Levallois P, Ayotte P, Van Maanen JMS, Desrosiers T, Gingras S, Dallinga JW, et al. Excretion of 
volatile nitrosamines in a rural population in relation to food and drinking water consumption. 
Food and Chemical Toxicology. 2000; 38(11):1013–1019. [PubMed: 11038239] 

14. Chung MJ, Lee SH, Sung NJ. Inhibitory effect of whole strawberries, garlic juice or kale juice on 
endogenous formation of N-nitrosodimethylamine in humans. Cancer Lett. 2002; 182(1):1–10. 
[PubMed: 12175517] 

15. Campillo N, Vinas P, Martinez-Castillo N, Hernandez-Cordoba M. Determination of volatile 
nitrosamines in meat products by microwave-assisted extraction and dispersive liquid-liquid 
microextraction coupled to gas chromatography-mass spectrometry. Journal of Chromatography A. 
2011; 1218(14):1815–1821. [PubMed: 21376329] 

16. van Maanen JMS, Welle IJ, Hageman G, Dallinga JW, Mertens PLJM, Kleinjans JCS. Nitrate 
contamination of drinking water: relationship with HPRT variant frequency in lymphocyte DNA 
and urinary excretion of N-nitrosamines. Environ Health Perspect. 1996; 104(5):522–8. [PubMed: 
8743440] 

17. Yoon S, Nakada N, Tanaka H. A new method for quantifying N-nitrosamines in wastewater 
samples by gas chromatography-triple quadrupole mass spectrometry. Talanta. 2012; 97:256–261. 
[PubMed: 22841076] 

18. Akyuz M, Ata A. Seasonal variations of particle-associated nitrosamines by gas chromatography-
mass spectrometry in the atmospheric environment of Zonguldak, Turkey. Environmental Science 
and Pollution Research. 2013; 20(10):7398–7412. [PubMed: 23657717] 

19. Kocak D, Ozel MZ, Gogus F, Hamilton JF, Lewis AC. Determination of volatile nitrosamines in 
grilled lamb and vegetables using comprehensive gas chromatography - Nitrogen 
chemiluminescence detection. Food Chemistry. 2012; 135(4):2215–2220. [PubMed: 22980793] 

20. Ma F, Wan Y, Yuan G, Meng L, Dong Z, Hu J. Occurrence and Source of Nitrosamines and 
Secondary Amines in Groundwater and its Adjacent Jialu River Basin, China. Environmental 
Science & Technology. 2012; 46(6):3236–3243. [PubMed: 22352424] 

21. Abdel-Hamid NM, Nazmy MH, Abdel-Bakey AI. Polyol profile as an early diagnostic and 
prognostic marker in natural product chemoprevention of hepatocellular carcinoma in diabetic rats. 
Diabetes Res Clin Pract. 2011; 92(2):228–37. [PubMed: 21388699] 

22. Abdel-Hamid NM, Nazmy MH, Abdel-Ghany MI, Nazmy WH. Cytokines as important 
playmakers of experimental hepatocarcinogenesis confounded by diabetes. Ann Hepatol. 2012; 
11(1):118–27. [PubMed: 22166570] 

23. Arinc E, Arslan S, Bozcaarmutlu A, Adali O. Effects of diabetes on rabbit kidney and lung 
CYP2E1 and CYP2B4 expression and drug metabolism and potentiation of carcinogenic activity 
of N-nitrosodimethylamine in kidney and lung. Food Chem Toxicol. 2007; 45(1):107–18. 
[PubMed: 17034923] 

24. de la Monte SM, Neusner A, Chu J, Lawton M. Epidemilogical trends strongly suggest exposures 
as etiologic agents in the pathogenesis of sporadic Alzheimer’s disease, diabetes mellitus, and non-
alcoholic steatohepatitis. J Alzheimers Dis. 2009; 17(3):519–29. [PubMed: 19363256] 

25. de la Monte SM, Tong M. Mechanisms of nitrosamine-mediated neurodegeneration: potential 
relevance to sporadic Alzheimer’s disease. J Alzheimers Dis. 2009; 17(4):817–25. [PubMed: 
19542621] 

26. de la Monte SM, Tong M, Lawton M, Longato L. Nitrosamine exposure exacerbates high fat diet-
mediated type 2 diabetes mellitus, non-alcoholic steatohepatitis, and neurodegeneration with 
cognitive impairment. Mol Neurodegener. 2009; 4:54. [PubMed: 20034403] 

27. Tong M, Longato L, de la Monte SM. Early limited nitrosamine exposures exacerbate high fat diet-
mediated type 2 diabetes and neurodegeneration. BMC Endocr Disord. 2010; 10:4. [PubMed: 
20302640] 

28. Tong M, Neusner A, Longato L, Lawton M, Wands JR, de la Monte SM. Nitrosamine exposure 
causes insulin resistance diseases: relevance to type 2 diabetes mellitus, non-alcoholic 
steatohepatitis, and Alzheimer’s disease. J Alzheimers Dis. 2009; 17(4):827–44. [PubMed: 
20387270] 

Hodgson et al. Page 6

J Anal Toxicol. Author manuscript; available in PMC 2017 September 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



29. Hodgson JA, Seyler TH, McGahee E, Arnstein S, Wang L. A New Automated Method and Sample 
Data Flow for Analysis of Volatile Nitrosamines in Human Urine. American Journal of Analytical 
Chemistry. 2016; 7(2):165–178. [PubMed: 26949569] 

30. Tietz, NW. Fundamentals of Clinical Chemistry. W.B. Saunders Company; 1970. 

31. A report prepared by a task group of committee 2 of the International Commission on Radiological 
Protection (ICRP) Publication 23. 1975. Pergamon Press; Report of the Task Group on Reference 
Man. http://www.icrp.org/publication.asp?id=ICRP Publication 23

32. Konrad, Diem, editor. Documenta Geigy Scientific Tables. 6. Geigy Pharmaceuticals; 1962. 

33. Caudill SP, Schleicher RL, Pirkle JL. Multi-rule quality control for the age-related eye disease 
study. Statistics in Medicine. 2008; 27(20):4094–4106. [PubMed: 18344178] 

Hodgson et al. Page 7

J Anal Toxicol. Author manuscript; available in PMC 2017 September 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.icrp.org/publication.asp?id=ICRP


Figure 1. 
Structures of Volatile Nitrosamines
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Figure 2. 
Figure 2a – Short Term Stability of NDMA in Human Urine at Various Temperatures

Figure 2b – Short Term Stability of NDEA in Human Urine at Various Temperatures

Figure 2c – Short Term Stability of NPIP in Human Urine at Various Temperatures

*Dashed lines denote mean ± 2 standard deviations; QC low = 50 pg/mL, QC high = 200 

pg/mL
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Figure 3. 
Figure 3a – Long Term Stability of NDMA in Human Urine at −70°C

Figure 3c Long Term Stability of NDEA in Human Urine at −70°C

Figure 3d – Long Term Stability of NPIP in Human Urine at −70°C

*Dashed lines denote mean ± 2 standard deviations
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Figure 4. 
Figure 4a – Stability of NDMA in Prepared Samples at −20°C

Figure 4c – Stability of NDEA in Prepared Samples at −20°C

Figure 4d – Stability of NPIP in Prepared Samples at −20°C

*Dashed lines denote mean ± 2 standard deviations
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